Abstract. Potted bulbs of Lilium longiflorum Thunb. 'Ace' and 'Nellie White' and Lilium (Asiatic hybrid) 'Enchantment' were grown in a greenhouse under ambient photoperiod (APP), 8-h photoperiod by removing twilight from ambient by blackout cloth (8PP), or 8PP extended with 1 hour of low-intensity far-red radiation (9PP). Height of 'Ace', 'Nellie White', and 'Enchantment' increased by 24%, 18%, and 12%, respectively, under APP and by 118%, 100%, and 44%, respectively, under 9PP compared to 8PP. In a second experiment, the effects of reduced irradiance (0%, 25%, 50%, and 75% shade) were determined on the same cultivars grown under APP or 8PP. The effects of APP on height were similar in magnitude for 'Ace' and 'Nellie White' but were insignificant for 'Enchantment' compared to 8PP. Shading increased height linearly for all cultivars. The regression was greater under APP (2.8 mm/percent shade) than under 8PP (1.8 mm/ percent shade) for 'Ace' and 'Nellie White' combined. Plant height of 'Enchantment' was less affected by reduced irradiance. For all cultivars, APP or 9PP produced higher stem dry weight compared to 8PP. Shading decreased leaf and bulb dry weight of the Easter lily cultivars.
, using blackout curtains in greenhouses to achieve shorter photoperiods, if done early enough, may eliminate the effects of twilight (low R : FR). All previous photoperiodic studies on lilies were performed under conditions with lower night than day temperatures (+DIF). To our knowledge, the effects of daylength or daylight extension with various R : FR have not been reported with lilies grown under -DIF greenhouse conditions.
Our objectives were to determine the effects of 1) R : FR at the end of the day and 2) reduced irradiance under photoperiods with and without twilight using Easter and Asiatic lilies grown in greenhouses using -DIF. Physical limitations did not allow us to test the light treatments under +DIF conditions as well.
Materials and Methods
Photoperiod. On 15 Dec. 1993, commercially case-cooled bulbs of Easter lilies 'Ace' (18/20 cm in diameter) and 'Nellie White' (20/ 23 cm)] and the Asiatic hybrid 'Enchantment' (10/13 cm) were planted using one bulb per 15-cm-diameter, standard, 1.6-liter pot in Sunshine no. 4 mix (Sun Gro Horticulture, Bellevue, Wash.). Potted bulbs were placed in a greenhouse at the Horticultural Research Institute of Ontario (lat. 42°N) at 17C until 6 Jan. 1994 when shoots extended 2 cm above the substrate. Plants subsequently were transferred to a -4C DIF greenhouse (16C light/ 20C dark cycle) and grown until the first flower reached anthesis. Three photoperiodic treatments were used: 1) ambient (APP); 2) 8-h photoperiod between 0815 and 1615 HR (8PP); and 3) 8-h photoperiod followed by 1-h FR radiation extension (9PP). The 8PP-and 9PP-treated plants were maintained in the same greenhouse, and the ambient-treated plants were grown in a separate greenhouse. Blackcloth was used for 8PP and 9PP and hand-pulled daily for closing at 1615 HR and Several studies (Heins et al., 1982a (Heins et al., , 1982b Hendriks, 1986; Kohl and Nelson, 1963; Post, 1941; Smith and Langhans, 1962; Weiler and Langhans, 1968; Wilkins et al., 1968) indicate that internode length of lilies is increased by extended photoperiods, but Roh and Wilkins (1977) reported the opposite results. Because a decreased red (R) : far-red (FR) radiation ratio (R : FR) at the end of the day increases internode length (Downs et al., 1957; Several researchers (Erwin et al., 1987; Hendriks and Scharpf, 1985; Moe, 1990; Moe and Mortensen, 1992) have shown that a negative difference (-DIF) between day and night temperature reduces stem length of many plant species compared to a positive difference (+DIF). Growers of flowering potted plants are adapting this strategy to control plant height in lieu of applying plant growth regulators.
The precise effects of light intensity, photoperiod, and light quality on plant height during forcing are not understood well. Kohl and Nelson (1963) found that growth of Easter lilies was reduced by increased irradiance; Erwin et al. (1989) did not find a correlation, and Heins et al. (1982a) reported increased plant height with shading. In campanula (Campanula isophylla Moretti), -DIF had a greater effect under lower irradiance in January than in March (Moe, 1990) . ≈30 min after sunset. Heating setpoints in both greenhouses were 16C light/20C dark for a -4C DIF. The temperature switch from dark to light and light to dark took place 1 h before the start of the light and dark period, respectively. This experiment was conducted twice at the same time.
Photoperiod and shading. In a second experiment, started on 4 Dec. 1992 and 15 Dec. 1993, newly emerged plants (21 Dec. 1993 and 6 Jan. 1994, respectively) of 'Ace' (1992, 20 to 23 cm; 1993, 18 to 20 cm), 'Nellie White' (1992 and 1993, 20 to 23 cm), and 'Enchantment ' (1992 and 1993, 10 to 13 cm) were grown under ambient (APP) or 8-h photoperiod (8PP) greenhouses, maintained with similar -4C DIF conditions as previously described. The experiment was run twice. Within each greenhouse, plants were exposed further to one of four reduced light intensities: 0% (no shade), 25%, 50%, or 75%. Shading was provided by cloths consisting of various numbers of woven polyester and aluminum strips (AB Ludvig Svensson, Kinna, Sweden) that were suspended permanently above the plants. The R : FR ratio of the light passing through the cloths did not differ from that of ambient light (data not shown).
Each experiment consisted of 12 plants per plot. Pots were spaced 25 × 25 cm. Plants were fertilized with a constant 200 mg N/liter using 20N-2.2P-24.9K. Each week, from the beginning of photoperiod treatment until visible bud, plant height and number of unfolded leaves were recorded on six randomly selected plants per plot. At first-flower anthesis, the following data were collected on all plants per plot: plant height (from pot rim to the highest point of the pedicel of the first opening flower); number of aborted, primary, and secondary buds; total number of brown and green leaves; stem diameter (measured at 10 cm from the substrate and 10 cm from the top of stem); leaf surface area (model 3000; LI-COR); and dry weights of stem, leaves, and bulb (including roots).
Data were subjected to analysis of variance (SAS Institute, Cary, N.C.) and were followed by separation of means by least significant difference or regression analysis. Sampling and experimental errors were pooled if they were not significantly different.
Results and Discussion
Photoperiod. When compared with the 8PP treatment, the 1-h FR extension (9PP) increased plant height of 'Ace', 'Nellie White', and 'Enchantment' lilies by 118%, 100%, and 44%, respectively (Table 1) . Corresponding height increases of these three cultivars were 24%, 18%, and 12% under APP compared to 8PP. These results suggest that height increases may have been caused by a sensitivity to radiation with a low R : FR (twilight) at the end of the day (Holmes and Smith, 1977) , rather than due to increased photoperiod as shown in other lily studies comparing short days (SD) with natural days (ND) (Heins et al., 1982b) or with ND vs. ND extended with incandescent radiation (Heins et al., 1982a; Kohl and Nelson, 1963; Post, 1941; Smith and Langhans, 1962; Weiler and Langhans, 1968; Wilkins et al., 1968) . In growth chamber studies, exposing 'Enchantment' to 1-h FR radiation at the end-of-light period resulted in greater increases in plant height than at the end-ofdark period (Roberts et al., 1994) . Moreover, there was no difference in plant height between plants grown under 8-and 10-h photoperiods while maintaining similar total visible radiation sums and light quality. This conclusion is supported by the fact that plants grown under APP (photoperiod varying between 9 h at emergence to >13 h at flowering) were shorter than those under 9PP. Differences in light quality (R : FR), light intensity, and its duration between 9PP and APP at the end-ofday period likely all are contributing to the differences in plant height between 9PP and APP. Stem dry weight of all three cultivars and leaf surface area ('Nellie White' only) tended to parallel data for height (Table 1) due to photoperiod. Data for the other characteristics were reversed and significant with only two of the cultivars (stem diameter and bulb dry weight with 'Ace' and 'Nellie White' and leaf dry weight with 'Ace' and 'Enchantment'). Total plant dry weight was not affected by the photoperiod treatments (data not presented). Leaves of all three lily cultivars were visibly lighter green with the supplemental FR at the end-of-day period (9PP) compared to either 8PP or APP. These results are similar to those reported by Proctor (1973) and likely were caused by a decrease in chlorophyll a and b (Holmes and Smith, 1977) . Days to flower were not affected by photoperiod (data not shown).
Photoperiod and shading. Plant height of 'Ace', 'Nellie White', and 'Enchantment' increased with shading under APP and 8PP (Fig.  1) . The response to shading was 50% greater under APP than under 8PP. The reason for this difference is unclear. Heins et al. (1982a) and Kohl and Nelson (1963) also showed that shading increased height under ambient conditions and +DIF. The Easter lily cultivars responded stronger to shading than 'Enchantment'. Without shading, similar to the results of the previous experiment, 'Ace' responded stronger to the elimination of twilight (APP vs. 8PP) than 'Nellie White' ( Fig. 1; intercepts) . This observation was most notable after the visible bud stage. 'Enchantment' was not affected by the twilight. Although the relative effect of shading on height was fairly consistent throughout the forcing season, the calculated internode length, as calculated by the weekly increase in plant height divided by the number of developed leaves, showed a negative correlation with accumulated irradiance of the previous week for the first year but not for the second year (data not shown). This inconsistency suggests that -DIF may not be effective under lower light conditions. 'Ace' and 'Enchantment' produced fewer flowering buds with increased shading, but this factor was not affected by photoperiod (data not shown), confirming earlier findings (Einert and Box, 1967; Weiler, 1978) . The number of aborted buds per flower increased with shading on 'Enchantment' only (Table  2) , as previously reported for Asiatic hybrids (Boontjes et al., 1975; Van Tuyl et al., 1985) , but was not affected by photoperiod, as noted by Kamerbeek and Durieux (1971) . In contrast, shading increased the leaf surface area but decreased the leaf dry weight of 'Ace' and 'Nellie White' but not of 'Enchantment'. This result suggests that 'Ace' and 'Nellie White' APP. Reduced light intensity through shading increased plant height of lily cultivars at a rate of 0.5 to 3.0 mm per percent light reduction, a change that could not be explained by a change in light quality. The mechanism for these responses likely are not related. The Easter lily cultivars responded stronger to FR extension and light shading than the Asiatic hybrid 'Enchantment'. Long-day regimes, which may be given to partially vernalized bulbs, therefore, should not be provided by incandescent lamps (low R : FR ratio) at the end of the day but rather in the middle of the night. However, forced plants that appear to be too short at flowering can be given end-of-day incandescent lighting for additional height.
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